To meet the growing demand for detailed, precise, accurate and timely estimation of entrepreneurship and economic conditions, it is necessary to systematically extend the scope of information provided by business statistics. In view of the policy aimed at reducing survey costs and burdens for business units, the only way in which this objective can be achieved is by modernizing survey methodology. One area where this kind research is being conducted are applications of indirect estimation based on auxiliary sources of information from administrative sources. Hence, the purpose of the study described in this article is to evaluate the precision of estimates of revenues of small businesses for domains defined by spatial aggregation and business classification by applying stratification in composite estimators based on information collected from administrative registers.
The Problem
One of the characteristics of the information society is the growing demand for accurate and timely multivariate statistics for cross-classified domains. Statistics derived from business survey data are among the most important outputs for data users. However, producing estimates about the population of enterprises poses a particular challenge owing to the unique character of that population, which is typically skewed and heavy tailed. Monthly characteristics of the small business 2 sector (companies employing 10-49 people) in Poland are mainly obtained from a sample business survey conducted by the Central Statistical Office (Pol. GUS). The sample size is sufficiently large to produce precise estimates of parameters only for large domains, e.g. at country and province level, or for domains defined by sections of business classification. In the face of changes in the economy, there is a growing demand for detailed information for small territorial units. This demand is expressed by government agencies, both local and national and also by businesses. Survey-based data currently provided by GUS do not meet the needs of all interested users. This is because the estimates at a lower level of aggregation, for smaller domains, or for finer cross-classifications, are much less reliable. Estimators used to obtain them have a high variance or are heavily biased (Dehnel, 2015) . Additionally, the presence of outliers generally decreases the precision of population estimates based on a large survey sample and can even prevent estimation for small areas from which outliers are sourced since such estimates will be based on a much smaller sample. The problem can be overcome by increasing the sample size, but this solution is usually not pursued because it is associated with higher costs. This is what motivates the search for estimation methods that could increase the scope of statistical outputs, improve the efficiency of estimates and remain the cost of the survey on the same level. One possible solution is to modernize the currently applied methodology of estimation by using small area estimation techniques (SAE) that 'borrow strength' from auxiliary data such as administrative registers (Dehnel, Pietrzak, Wawrowski, 2017) . In this article we propose using direct estimators in the process of composite estimation based on stratified domains to estimate characteristics of small enterprises (employing 10-49 people) operating in 2012. The objective of the study was to assess the estimation of annual revenues of small business for units defined by spatial aggregation and business classification. The domain of interest was created by cross-classifying the administrative division into provinces with the NACE category of business activity. The estimation process was supported with delayed variables from administrative registers used as auxiliary 
The Method
Owing to the presence of outliers, it is not easy to estimate population characteristics of enterprises. The use of classical estimators at low levels of spatial aggregation or for more specific domains can lead to low precision and high bias. A variety of methods have been devised to decrease the impact of outliers on survey estimates. Some of them involve subjective identification and removal of outlying values during survey processing (Chambers et al., 2014) . We can also distinguish many objective methods for survey estimation. Some methods rely on robust estimators, which are resistant to outliers. Others use detection techniques to decide whether an observation is a potential outlier and should be moved to a special post-stratum, where its contribution to the survey estimates is downweighted (Chambers et al., 2014) . If the number of outliers is small, estimation in the post-stratum can be difficult (Clark, Kokic, Smith, 2017) . The approach proposed in this article is an attempt to cope with this problem. It consists in applying the k-means method in order to distinguish two groups of companies in each domain: the first one consists of typical observations, while the second one includes non-typical ones (outliers -observations that are numerically distant from most of the other data points in a set of data). The division is conducted based on the values of the auxiliary variables. In the first step, the division is applied to sampled units. Next, other population units (out-of-sample units) in each domain are divided into two groups depending on their distance to the cluster centres. For each group, we estimate the value of the parameter (total monthly revenue). The final estimate for a domain is given by the sum of estimates obtained for the first and the second group. Since the non-typical groups tended to contain very few observations (in some cases only 1), the estimation was made on the basis of units included in all non-typical groups identified within one NACE section. Hence, the approach used was a kind of synthetic estimation. In order to apply this approach, it was assumed that companies within one NACE section were homogeneous. The ratio estimator was selected in order to avoid the model-based approach, which tends to be unstable for non-homogenous groups (Chambers et al., 2001) . The ratio estimator is given by the formula (Singh, Gambino, Mantel, 1993) :
where:
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Modified GREG estimator can be given by the formula (2) (Chambers et al., 2001 ):
where weight gi depends on the value of auxiliary variable x for sampled units and is de as:
where: Modified GREG estimator can be given by the formula (2) (Chambers et al., 2001 ):
where weight g i depends on the value of auxiliary variable x for sampled units and is defined as: z, x -auxiliary variables (x -revenue and the number of employees, z -the number of employees), γ -parameter selected depending on the degree of heteroscedasticity, for γ = 0, estimator (2) has the classical form of the GREG estimator, U d -part of the general population containing elements belonging to domain d (part of small enterprises representing one of eight NACE sections and one of the sixteen provinces), s d -part of the sample containing elements belonging to domain d.
It is known from previous surveys that the value of parameter γ should be included in the interval <1, 1.5> (Särndal, Swensson, Wretman, 1992; Dehnel, 2017) . Hence, two different settings (γ equal to 1 and 1.5) were tested in the study, which were used in estimators
When these estimators are used in the linear regression model, the condition of homoscedasticity does not have to be satisfied, and the level of heteroscedasticity is indicated by parameter γ.
The final estimate for domain was given by the sum of estimates obtained on the basis of the GREG estimator (or the ratio and modified GREG estimator) for the Stratum 1 -(1) and the ratio estimator for the Stratum 2 -(2) given by the formula (1):
Estimation quality was assessed with reference to estimates obtained using classical direct estimators: Horvitz-Thompson (HT The estimator of the total in domain d is given by the formula:
y is the estimated mean of the variable of interest y in domain d, π di -probability that the i-th unit belonging to domain d is in the sample, y di -value of the variable of interest for the domain d and i-th unit. The direct estimator is design-unbiased and design-consistent assuming that n d → ∞. Nevertheless, it is very ineffective for domains in which n d is very small and it is impossible to calculate direct estimates for non-sampled domains where n d = 0 (Guadarrama, Molina, Rao, 2016) .
Finally, on the basis of total monthly revenue, knowing the number of subpopulations, the mean monthly revenue were computed.
Method of assessing precision and accuracy
Precision of estimates was evaluated using the extension of standard bootstrap method, taking into account sampling method (Shao, Tu, 1995: 246) . Detailed discussions of this subject can be found in the monograph by J. Shao and D. Tu (1995: 238-250) , J. Rao and C. Wu (1988: 231-241 ), E. Antal and Y. Tillé (2011: 534-543) . Estimation efficiency was assessed using the coefficient of variation of the estimator based on results obtained in B = 500 samples (b = 1, 2, ..., B), following the approach described in (Bracha, 2004: 33) :
( )ˆd 
Var Y − the variance of the direct estimator.
Additionally, in order to obtain a more thorough evaluation of the estimates, the analysis focused on differences between values of the estimators obtained from a specific sample and estimates obtained from tax return data filed in December 2012. It was assumed that the following relationship holds: the ratio of revenue reported in tax returns by companies in the study at the province level to the value of revenue from the monthly enterprise survey (DG1) is constant (see Figure 4) . revenue_AR revenue_est . revenue_DG1 revenue_DG1 =
This approach made it possible to calculate the approximate value of revenue for June 2012. 
The Data
The empirical study conducted for purposes of this article was based on data from the largest short-term business survey in Poland, called DG1. The target population includes all units employing at least 10 persons. The sample frame includes 98,000 units, of which medium-sized and large units, employing over 49 people, account for 19,000 companies, whereas the remaining 80,000 units are small businesses employing between 10 and 49 people. All mediumsized and large units participate in the survey, and at least a 10% sample of small units. The realised sample contains about 30,000 businesses (GUS, 2017).
The DG1 survey is carried out every month to collect information about basic measures of economic activity in companies, such as sales revenue (from goods and services), the number of employees, gross wages, wholesale and retail sales, excise tax and product-specific subsidies.
DG1 is in fact a monthly report providing essential data about each business unit, its activity 
The empirical study conducted for purposes of this article was based on data from the largest short-term business survey in Poland, called DG1. The target population includes all units employing at least 10 persons. The sample frame includes 98,000 units, of which medium-sized and large units, employing over 49 people, account for 19,000 companies, whereas the remaining 80,000 units are small businesses employing between 10 and 49 people. All medium-sized and large units participate in the survey, and at least a 10% sample of small units. The realised sample contains about 30,000 businesses (GUS, 2017).
The DG1 survey is carried out every month to collect information about basic measures of economic activity in companies, such as sales revenue (from goods and services), the number of employees, gross wages, wholesale and retail sales, excise tax and product-specific subsidies. DG1 is in fact a monthly report providing essential data about each business unit, its activity and products and inventories. The data can be divided into two categories. The first category contains information used to identify each business unit: its name, address, statistical ID number (REGON), type of main activity according to business classification. The second category contains characteristics of economic activities, such as sales revenue (from goods and services), number of employees, gross wages, wholesale and retail sales, excise tax and product-specific subsidies (Dehnel, 2015) .
Description of the study
The empirical study was limited to small businesses employing between 10 and 49 people, which were active in 2012. The dependent variable in the model was mean monthly revenue obtained by small businesses in June 2012. Two auxiliary variables were selected: revenue and the number of employees in December 2011. The first variable was taken from the register maintained by the Ministry of Finance and the other one from the ZUS register (the Social Insurance Institution). The selection of auxiliary variables was motivated by data availability. The use of administrative data in statistical practice is associated with certain limitations. One of them is the time delay which often occurs when registered data are made available for purposes of official statistics (Dehnel, 2015) . Mean monthly revenue of companies employing between 10 and 49 persons was estimated for 16 provinces and 8 NACE sections: Manufacturing, Construction, Trade, Transport, Accommodation, Information, Administration, Arts. The main idea of the study was to estimate the parameter of interest using composite estimation that accounts for the stratification of enterprises. Direct estimates obtained with the classic Horvitz-Thompson estimator were used as a point of reference for the results. By comparing direct and composite estimates it was possible to notice the change in estimation of mean monthly revenue resulting from the division of enterprises into more homogeneous groups.
The Results
The modernisation of estimation by applying new techniques offered by small area estimation (SAE) enables official statistics to meet the demand expressed by data users. This approach makes it possible to exploit information from a small sample, or, in special cases, an empty sample, by supporting estimation with data from non-sta-tistical sources without additional costs to provide reliable estimates at a low level of aggregation. Before indirect estimation methods can be widely implemented in official statistics, they should be evaluated in empirical studies to identify what kind of possibilities and benefits can be achieved in the Polish conditions. The present article is intended as a contribution to this evaluation as it is aimed at investigating the possibility of applying stratification in composite estimators of revenues of small businesses based on information collected from administrative registers maintained by the Ministry of Finance. Before performing estimation and analyzing the results, the first and essential step of the study involved calculating descriptive statistics of the sample size and the distributions of companies depending on the variables of interest by province and NACE section. Table 1 contains information about sample sizes for domain. It can be noticed that all 16 provinces were sampled for each section. Manufacturing  127  155  252  227  342  482  Construction  39  51  94  74  132  205  Trade  130  159  259  217  299  605  Transport  18  22  40  31  49  94  Accommodation  16  20  33  27  42  77  Information  5  8  25  17  36  102  Administration  14  16  33  27  39  87  Arts and recreation  9  13  20  19  26  38 Source: based on data from the DG1 survey.
The biggest variation in the distribution of sample size across provinces and NACE section was observed in two sections: manufacturing (between 127 and 482 enterprises) and trade (between 130 and 605). The level of variation is also considerable for construction (between 39 and 205 companies). For the remaining five sections, differences in the sample size between provinces were much smaller, and the sample size did not exceed 102 units. The relationship between the sample size and the size of the general population is illustrated in Figure 3 . In line with the assumptions of the DG1 survey, the sample accounts for approximately 10% of the general population.
Regarding the distributions of companies depending on the auxiliary variables it can be noticed that the coefficient of variation for revenue varied from 64% to 1212%, and for the number of employees varied from 38% to 210%. The distributions were strongly asymmetric, with skewness coefficients ranging for revenue from 0.0 to 19 and for the number of employees from -2.1 to 9.9.
The hypothesis of homoscedasticity was verified using the White test and the Breusch-Pagan test. For most domains of interest (over 90%) test results confirmed the hypothesis about the variability of the random component. This in turn justified the application of the above described approach i.e. stratification in order to distinguish more homogenous groups of companies in each domain.
with skewness coefficients ranging for revenue from 0.0 to 19 and for the number of employees from -2.1 to 9.9.
The hypothesis of homoscedasticity was verified using the White test and the Breusch-Pagan test. For most domains of interest (over 90%) test results confirmed the hypothesis about the variability of the random component. This in turn justified the application of the above described approach i.e. stratification in order to distinguish more homogenous groups of companies in each domain. Table 2 presents the characteristics of each strata. The table contains average sizes of regions' populations and corresponding samples along with means of auxiliary variables: revenue and the number of employees. Stratum 1 includes typical observations, while the stratum 2 includes non-typical ones. It can be noticed that the mean size of stratum 1 in each NACE is considerably larger and the means of auxiliary variables are much lower compared to stratum 2. Source: based on data from the DG1 survey and CSO (GUS, 2016) The study investigated the differences between the value of the estimators obtained based on a specific sample and the value based on the administrative data.
The reference values of revenue were calculated using the ratio described above. Additionally, to obtain a more thorough evaluation, the composite estimator was compared with the HT estimator, see Figures 4 and 5. The results of this comparison indicate that the application of the composite estimation has reduced the values of estimates in comparison with HT. For nearly all domains of interests (provinces) the mean revenue for the HT estimator is overestimated; in contrast, the parameter of interest for GREG estimator for some domains is underestimated. It is composite estimation which produces results that are closest to the reference values. 
Source: based on the CSO study (GUS, 2016) Spatial variation in differences between the estimates and real values is illustrated in maps showing the level of deviation across provinces (see Figure 7) . The results of the study indicate that direct HT estimates for most domains are overestimated compared with values from administrative registers. The biggest discrepancies can be observed for the HT estimator. These conclusions confirm the properties of classical Horvitz-Thomson direct estimation. If the sample size is too small and if the sample contains outliers, the direct estimator is very ineffective and may grossly underestimate or overestimate the population totals. 
Source: based on the CSO study (GUS, 2016) The distribution of relative differences between values of HT estimator and composite estimation, which represent the sum of
and one of (1) ,
estimators of revenues obtained based on data from tax returns is shown in Figure 7 . The estimation approach based on the k-means method has generally improved the estimates (in terms of comparison with tax registers), but the degree of gain varied. Differences in estimation quality depend on the type of estimator used for composite estimation and the domain defined by province and NACE section. The reduction of relative differences between estimates of revenues obtained based on data from tax returns and values of the composite estimators compared to HT estimates is greater for domains of a relatively smaller size and when the correlation between the estimated and the auxiliary variable is stronger. Table 2 ). Source: based on data from the DG1 survey and CSO (GUS, 2016) 
Conclusions
The aim of the study reported in this article was to produce reliable estimates of mean revenue of Polish companies employing fewer than 50 people and conducting activity classified into eight NACE sections by applying stratification in composite estimators based on information collected from administrative registers maintained by the Ministry of Finance.
The article is intended as a contribution to evaluation of applying new techniques offered by small area estimation (SAE) to business survey. This approach is a proposal of a new tool enabling official statistics to meet the demand expressed by data users by providing reliable estimates at a low level of aggregation. By relying on auxiliary variables from the administrative register and applying the k-means method to composite estimation, it was possible to produce estimates for most domains at a previously unpublished level of aggregation, with acceptable accuracy, measured in terms of RRMSE values. Regarding the precision, it can be noticed that there is a relationship between section size and estimation precision: for sections represented by more companies, estimation precision tends to be higher. However, the gain in estimation precision within one section is greater for domains of a relatively smaller size and when the correlation between the estimated and the auxiliary variable is stronger.
A significant improvement in estimation quality could be obtained by selecting an adequate estimator with properly designated strata. In the case of a large number of small domains, the required diagnostic process decreases the practical usefulness of the proposed approach.
